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© Vehicle powerplant featuring thermal and electrical drive means. 



© A powerplant comprising a combustion engine 
(1) connected to a transmission (2) via a propeller 
shaft (3) fitted with a clutch (4); a current generator 
(7) for supplying current to a storage battery (8), and 
powered by a countershaft (5) connected to the 
propeller shaft (3) via a first gear drive (6) upstream 
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from the clutch (4); and an electric motor (10) con- 
nected to the propeller shaft (3) via a second gear 
drive (11) downstream from the clutch (4); a second 
clutch (12) being provided between the electric mo- 
tor (10) and the second drive (11). 
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The present invention relates to a vehicle 
powerplant comprising thermal and electrical drive 
means variously connectable to the input shaft of 
the transmission as well as to a countershaft con- 
trolling accessory devices on the vehicle. 

Vehicles of the aforementioned type are em- 
ployed over mixed routes allowing of little or no 
emission, or over which normal emission is permit- 
ted. Over the first type, the vehicle is driven solely 
by the electrical drive means or in controlled man- 
ner by the thermal means, whereas, over the sec- 
ond, the thermal drive means are operated nor- 
mally. Vehicles of this type invariably feature ac- 
cessory devices (e.g. hydraulic power steering 
pump, brake and conditioner compressors, auxil- 
iary alternators), and at times also special-purpose 
devices powered by the above drive means for 
performing special functions for which the vehicle 
is designed. Both the accessory and special-pur- 
pose devices frequently demand far greater power 
than that required for operating the vehicle under 
various driving conditions. 

On one known powerplant of this type, the 
thermal drive means comprise a combustion en- 
gine connected mechanically to the transmission 
input shaft by a propeller shaft fitted with a clutch 
designed to assume a first and second position 
wherein the combustion engine is respectively con- 
nected to and disconnected from the transmission 
input shaft. 

A countershaft for powering the vehicle acces- 
sory devices is connected by a system of gears to 
the propeller shaft, downstream from the clutch. 

The electrical drive means normally consist of 
a unit designed to operate as both an electric 
motor and current generator. The rotor element of 
the unit is connected to the countershaft in such a 
manner as to be driven by it when the unit is 
operated as a current generator, and to drive it for 
rotating the transmission input shaft when the unit 
is operated as a motor. 

Alternatively, the rotor element of the unit is 
connected directly to the propeller shaft to form a 
single drive line between the combustion engine 
and the transmission input shaft, in which case, the 
drive line is fitted with a second clutch downstream 
from the unit. 

The powerplant also comprises a storage bat- 
tery to which current is fed by the unit when 
operated as a generator, and from current is drawn 
when the unit is operated as a motor. 

Powerplants of the type briefly described 
above provide for two operating modes. In a first, 
the combustion engine is operated and the clutch 
(or both clutches, in the case of the alternative 
configuration described above) is set to the first 
engaged position, so that both the transmission 
input shaft and the countershaft are driven by the 
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combustion engine, while the rotor element of the 
unit, set to generator mode, is rotated by the 
countershaft for charging the batteries. In the sec- 
ond operating mode, the clutch is set to the second 

5 release position, and the unit alone is operated as 
an electric motor, the rotor element of which thus 
provides for powering both the transmission input 
shaft and the countershaft. 

Powerplants of the aforementioned type 

io present numerous drawbacks. 

Firstly, in the second operating mode, i.e. when 
operated electrically, the accessory devices are 
driven solely by the power supplied by the battery, 
which, if of normal weight and size for the vehicle, 

75 provides for accumulating only a limited amount of 
energy. 

Secondly, in the second operating mode, 
wherein the combustion engine is idle and discon- 
nected from the drive line, current can only be 

20 generated for charging the battery when braking 
the vehicle, and if the unit is designed to operate 
as a brake, for recovering the energy produced 
during braking and converting it at least partially 
into electrical energy. 

25 As a result, the operating range of the power- 

plant is fairly limited. 

It is an object of the present invention to pro- 
vide a powerplant of the aforementioned type de- 
signed to overcome the aforementioned drawbacks. 

30 According to the present invention, there is 

provided a vehicle powerplant comprising first ther- 
mal drive means and second electrical drive 
means; said first and second means being ac- 
tivated for transmitting motion to the drive wheels 

35 of the vehicle via a transmission; said first drive 
means comprising a combustion engine connected 
mechanically to said wheels by a drive line fitted 
with said transmission and with a clutch located 
between said engine and said transmission and 

40 which may be set to a first and second position 
wherein said combustion engine is respectively 
connected to and disconnected from said transmis- 
sion; characterized by the fact that it comprises: 
a current generator for supplying electric cur- 

45 rent to a storage battery, and the rotor element of 
which is connected to said drive line upstream 
from said clutch; 

an electric motor, the rotor element of which is 
connected by a first drive to said drive line down- 
so stream from said clutch, said electric motor being 
driven by the current supplied by said battery; 

a second clutch located between the rotor ele- 
ment of said electric motor and said drive line, and 
which may be set to a first and second position 

55 wherein said rotor element of said motor is respec- 
tively connected to and disconnected from said 
drive line. 

The design and operation of the powerplant 
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according to the present invention will be described 
by way of example with reference to the accom- 
panying drawings, in which: 

Fig.1 shows a schematic view of a first configu- 
ration of the powerplant according to the present 
invention; 

Fig.s 2 and 3 show a further two configurations 

of the Fig.1 powerplant. 
The powerplant according to the present inven- 
tion comprises a combustion engine 1, e.g. a diesel 
engine; and a transmission 2, the input shaft of 
which is connected mechanically to engine 1 by a 
propeller shaft 3 fitted with a clutch, e.g. a friction 
clutch, 4. Clutch 4, which is operable in any man- 
ner, e.g. directly by the driver and/or by means of 
any type of actuator, is designed to assume two 
positions: an engaged position (Fig.1) wherein the 
up- and downstream portions of shaft 3 are con- 
nected; and a release position (Fig.s 2 and 3) 
wherein said portions are disconnected. 

As shown clearly in the accompanying draw- 
ings, the powerplant also comprises a countershaft 
5 connected mechanically to shaft 3, upstream 
from clutch 4, by a drive consisting, for example, of 
gears 6. 

A current generator 7 supplies electric current 
to a storage battery 8, and presents a rotor ele- 
ment (not shown) connected to and rotated by 
countershaft 5. 

Countershaft 5 or another shaft upstream from 
clutch 4 also provides for a power takeoff 9 for 
operating the accessory devices on the vehicle. 
These, in addition to standard industrial vehicle 
devices, such as the power steering pump, brake 
and conditioner compressors and auxiliary alterna- 
tors, may also consist of special-purpose devices, 
such as compactors, in the case of refuse collec- 
tion and disposal vehicles. 

The powerplant according to the present inven- 
tion also comprises an electric motor 10 powered 
by the current supplied by battery 8 t and the rotor 
element (not shown) of which is connected to pro- 
peller shaft 3, downstream from clutch 4, by a 
second drive consisting, for example, of gears 11. 
A second clutch 12, which may be the same type 
as clutch 4, is located between the rotor element of 
motor 10 and drive 11, and is designed to assume 
a first engaged position (Fig.3) wherein the rotor 
element of motor 10 is connected to drive 11, and 
a second release position (Fig.s 1 and 2) wherein 
the rotor element and drive 1 1 are disconnected. 

For the reasons explained later on, current 
generator 7 may conveniently be designed to also 
operate as an electric motor powered by battery 8, 
in which case, drive 6 is provided with a clutch 5a 
of any type, designed to assume a first and second 
position wherein shaft 5 of generator-motor 7 is 
respectively connected to and disconnected from 
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drive line 3 immediately downstream from engine 
1 . Clutch 5a may conveniently be housed in one of 
the gears of drive 6, as shown schematically in the 
accompanying drawings. 

5 The powerplant may also comprise a further 

drive 2a forming part of and possibly comprising 
pairs of gears housed inside transmission 2, for 
transmitting motion from drive line 3 to shaft 5 
connected to power takeoff 9. Drive 2a is activated 

io exclusively, in known manner, with the gear lever in 
neutral, so that no motion is transmitted to the 
wheels of the vehicle. 

According to a variation not shown, drive 11 
may be driven from a point on drive line 3 down- 

75 stream from transmission 2, as opposed to up- 
stream as shown in the accompanying drawings, 
for reducing the size, particularly lengthwise, of the 
powerplant and so enabling troublefree installation 
on certain types of vehicle. 

20 The powerplant according to the present inven- 

tion operates as follows. 

In a first operating mode (Fig.1), combustion 
engine 1 is operated with clutch 4 in the first 
(engaged) position and clutch 12 in the second 

25 (release) position, so that the vehicle is driven by 
engine 1 connected by shaft 3 to the input shaft of 
transmission 2. In this mode, clutch 4 is operated 
normally for shifting transmission 2. 

At the same time, drive 6 rotates countershaft 

30 5, which in turn rotates the rotor element of current 
generator 7 for charging battery 8, and operates 
the accessory devices on the vehicle connected to 
power takeoff 9. 

This first operating mode therefore provides, 

35 thermally, for running the vehicle normally, operat- 
ing the accessory devices, and charging the bat- 
tery, and may conveniently be employed over 
routes involving no particular control of emission. 
In a second operating mode, combustion en- 

40 gine 1 is again operated, but with clutch 4 in the 
second (release) position (Fig.2), so that only coun- 
tershaft 5 and consequently generator 7 and the 
auxiliary devices are operated thermally. In this 
mode, means for controlling the speed and fuel 

45 supply of engine 1 may be provided for minimizing 
emission, thus enabling temporary stoppage of the 
vehicle for operating the accessory devices and/or 
charging battery 8. 

In a third operating mode (Fig.3), combustion 

so engine 1 is again operated, but with clutch 4 in the 
second (release) position, clutch 12 in the first 
(engaged) position, and electric motor 10 activated, 
so that shaft 3 is disconnected from engine 1 and 
drive 6, the input shaft of transmission 2 is power- 

55 ed by motor 10 via drive 11, and the vehicle is 
driven entirely electrically by the power drawn from 
battery 8. If combustion engine 1 is activated, 
current generator 7 is also operated simultaneously 

3 
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for charging battery 8, which thus acts as a 
flywheel for the power supplied by engine 1 and 
drawn off by electric motor 10. 

In this third mode, operation of engine 1 is so 
controlled as to maintain substantially constant en- 
gine speed and output combined with a high de- 
gree of efficiency and minimum emission for driv- 
ing along controlled-emission routes. 

An important point to note is that, in all three 
configurations described, the accessory devices 
are operated thermally, that is, under high power 
conditions, with no limitation in terms of autonomy. 

Nevertheless, when drive 11 is driven from a 
point along line 3 upstream from transmission 2, if 
the power required in said third mode for operating 
the accessory devices is not such as to limit auton- 
omy, and/or peak power is demanded of takeoff 9 
in excess of the average designed for effectively 
controlling combustion engine 1 (for achieving high 
efficiency and minimum emission), power takeoff 9 
(and, hence, shaft 5) may be controlled by drive 2a 
transmitting motion from transmission 2 to shaft 5 
and so electrically controlling power takeoff 9. 

When absolutely no emission is permitted, a 
fourth operating mode may be employed, which 
consists in de-activating engine 1 and operating the 
powerplant as described with reference to Fig.3, in 
which case, the vehicle is operated entirely elec- 
trically by battery 8. 

In fourth mode (with engine 1 de-activated), 
power takeoff 9 may still be controlled electrically, 
as required for at least operating the accessory 
devices governing the driveability of the vehicle, 
such as the power steering pump and brake sys- 
tem devices. 

For this purpose, clutch 5a is released and 
generator 7 set to motor mode and supplied by 
battery 8 for electrically powering takeoff 9. 

When electrically operating the vehicle (third 
and fourth mode), transmission 2 can only be op- 
erated normally by means of clutch 12 if drive 11 
is located upstream from the transmission. More- 
over, if also designed to function as a current 
generator, electric motor 10 may provide for elec- 
trically braking the vehicle and at least partially 
recovering and converting the energy produced 
when braking into electrical energy, which is stored 
in battery 8. 

To those skilled in the art it will be clear that 
changes may be made to the powerplant as de- 
scribed and illustrated herein without, however, de- 
parting from the scope of the present invention. 

In particular, the rotor element of current gen- 
erator 7 may be connected directly to drive line 3, 
upstream from coupling 4, instead of via the inter- 
position of shaft 5 and gear drive 6 as described 
herein. 

In this case, shaft 5 may still be connected to 
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line 3 via gear drive 6, as shown in the accom- 
panying drawings, but no longer to the rotor ele- 
ment of current generator 7. 

The above further embodiment of the power- 
5 plant obviously operates in exactly the same way 
as described with reference to the accompanying 
drawings. 

Claims 

10 

1. A vehicle powerplant comprising first thermal 
drive means and second electrical drive 
means; said first and second means being 
activated for transmitting motion to the drive 

75 wheels of the vehicle via a transmission (2); 

said first drive means comprising a combustion 
engine (1) connected mechanically to said 
wheels by a drive line (3) fitted with said 
transmission (2) and with a clutch (4) located 

20 between said engine (1) and said transmission 

(2) and which may be set to a first and second 
position wherein said combustion engine (1) is 
respectively connected to and disconnected 
from said transmission (2); characterized by 

25 the fact that it comprises: 

a current generator (7) for supplying elec- 
tric current to a storage battery (8). and the 
rotor element of which is connected to said 
drive line (3) upstream from said clutch (4); 

30 an electric motor (10), the rotor element of 

which is connected by a first drive (11) to said 
drive line (3) downstream from said clutch (4), 
said electric motor (10) being driven by the 
current supplied by said battery (8); 

35 a second clutch (12) located between the 

rotor element of said electric motor (10) and 
said drive line (3), and which may be set to a 
first and second position wherein said rotor 
element of said motor (10) is respectively con- 

40 nected to and disconnected from said drive 

line (3). 

2. A powerplant as claimed in Claim 1 , character- 
ized by the fact that it also comprises a shaft 

45 (5) connected by a second drive (6) to said 

drive line (3) upstream from said clutch (4), 
and which provides for a power takeoff (9) for 
operating the accessory devices of said ve- 
hicle; the rotor element of said current gener- 

50 ator (7) being connected to said shaft (5). 

3- A powerplant as claimed in one of the fore- 
going Claims, characterized by the fact that 
said current generator (7) is also designed to 
55 operate as an electric motor; said second drive 

(6) presenting a third clutch (5a) designed to 
assume a first position wherein said shaft (5) 
connected to said rotor element of said current 

4 
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generator (7) is also connected to said drive 
line (3), and a second position wherein said 
shaft (5) is disconnected from said drive line 
(3). 

4. A powerplant as claimed in one of the fore- 
going Claims, characterized by the fact that 
said first (11) and second (6) drives are gear 
drives. 

5. A powerplant as claimed in one of the fore- 
going Claims, characterized by the fact that 
said first drive (11) is connected to said drive 
line (3) upstream from said transmission (2). 
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A powerplant as claimed in one of the fore- 
going Claims from 1 to 4, characterized by the 
fact that said first drive (11) is connected to 
said drive line (3) downstream from said trans- 
mission (2). 20 

A powerplant as claimed in one of the fore- 
going Claims, characterized by the fact that 
said second clutch (12) is located between 
said rotor element of said electric motor (10) 25 
and said first gear drive (11). 

A powerplant as claimed in one of the fore- 
going Claims, characterized by the fact that it 
comprises a third drive (2a) for connecting said 30 
transmission (2) to said shaft (5) providing for 
said power takeoff (9). 

A powerplant as claimed in one of the fore- 
going Claims, characterized by the fact that 35 
said electric motor (10) is also designed to 
operate as a current generator, for electrically 
braking said vehicle and generating electric 
current which is supplied to said battery (8). 

40 
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© Vehicle powerplant featuring thermal and electrical drive means. 



© A powerplant comprising a combustion engine 
(1) connected to a transmission (2) via a propeller 
shaft (3) fitted with a clutch (4); a current generator 
(7) for supplying current to a storage battery (8), and 
powered by a countershaft (5) connected to the 
propeller shaft (3) via a first gear drive (6) upstream 



from the clutch (4); and an electric motor (10) con- 
nected to the propeller shaft (3) via a second gear 
drive (11) downstream from the clutch (4); a second 
clutch (12) being provided between the electric mo- 
tor (10) and the second drive (11). 
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